Introduction
The precise drilling of bones is a common requirement in orthopaedic surgery [1] [2] [3] . Bone drills are manufactured by metallic components because of their high mechanic load. Image-guided bone bores were usually performed under computed tomography (CT) control. Due to their radiodensity, the metallic components lead to a limited image quality, and thus hinder the control of surgery. Moreover, those devices are not adequate for MRI due to their typically ferromagnetic components. The goal of development was to build a MR-safe prototype, allowing MRI-and CT-interventions and eneables to place Kirschner-wires.
Methods
The prototype was developed according to common orthopaedic requirements, equal to commercially available drilling machines regarding power and control. An air-driven system made mostly of PEEK and other ferrite-free components was build. After prototype fabrication, the speed, weight, air consumption, operating pressure, perforation and noise level were measured. The evaluation of the engineered prototype occurred under MR-navigation. During a phantom experiment (n=10) the substantia compacta was drilled and a Kirschner wire was laid. The autoclavability, the MRsuitability, the x-ray transparency as well as the practical handling were tested.
Results
The developed bone drilling system, is MR-compatible according to ASTM F2119 [4] and almost completely x-ray transparent. The technical data of the prototype were calculated as follows: rotation speed 0-1000 pro min, weight ca. 800g, air consumption ca. 250 l/min, operating pressure 6-7bar (max. 10bar), perforation 3.2mm, noise level (operator position) ca. 50dB(A). The drilling and placement of the Kirschner-wires could be carried out without any problems. The autoclavability of the bone drilling machine between 134°C and 2 bar showed no interference of the later function.
Conclusion
The manufacturing of a MR-compatible bone drilling machine, comparable to the power of standard non-MRcompatible systems, is possible. Such a machine allows new possibilities in the CT-or MRI-navigated surgery. 
